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ABSTRCT

A comparative study of the sL±0 acid concentratimo of the brains
end tissues of various ainals =s made in order to determine whether

diffeem uere pMent *Io suld be correlated vith the pftlogseeti
level of t nervous ntesa.

8ialic acid, probably io the form of setylnsurmdia acid (Kau)
vw present f chordate brains in bothk the &=Snlosflis, G, and lipid, tee
residue, R. For 0 the ranp s 300-600 s. % of the total lipids and for
, 330600 ug % of ta total lipi*dfree residue. 2hare way no differenes

*Iheb could be correlated vith the phylogenetic level of the ermus aye s..

In animals with diffuse nevous eyswtms htole tissues wre analysed
mad compared to wole muse tissue. In uelo o o, sea ur hns, and clas
the a and 6 fractions ware ilar and contained both 51* and I.Igy u=ueiNrmUisi

atid, IM. In snsue the I fErction coetalaud AI A nd an undmtI u

spot with the color characteristico of shihli ad wdaSl actds. Oe 6
fracaton eetatned no NAM. Chitems nd sea a .enme ee similar; to
fraction contained both NANA md =A *11e PAM me nissift in the I ftstiam.
All the dhot tisues except a sea urchin contained usidentifled spots In

aditi to the EO a ks. -



REURAMItC ACID AM CMTRAL NEMVSUS S'STEM UNCTIOTN

(Neuraminic Acid in the Brain and Tissues of Various Animails)

The research carried out under this contract has been concerned with the

problems of determining the role of sialie acids (i.e. 1-acetyl-neuraminic

acid, iANAI) in centra. nervous system function. In an earlier technical note

(1) experiments were described in vhicb NANA was Injected into experimental

auimals with no measurable pbysiological effect. If NANA does have a physiological

function which we were unable to measure, it may be that its addition to animals

already having a normal concentration of NANA would not be expected to show any

physiological activity. A better test animal, then, would be one in which NANA

was depleted, lacking or inactivated in some manner. The experiments described

here include a conps:-tive study of the sialic acids present in the brains and

tissues of various animals in order to determine whether there are species which

do not huve NANA. It was also thought that the NANA concentration in the brain

might be correlated in some ranner with the positions of the animals on the

evolitionary scale. Such a correlation might provide a clue to NANA function.

I OCMDURE

Wl1ole brains of animals were employed for the phyla Cbordata and Arthropoda

(Cancer i)er). The chordates analyzed were man, cattle, pigs, Long-Iveas

and Wistar rats, Swiss Webster mice, California white Leghorn chickens, turtles,

gopber snakes, grass frogs, ani rainbow trout. For larger animals, single, whole

brains were used, while with cmaller animals It was necessary to pool the brains.

The bunan brain was a mixture of 5C percent white and 50 percent gray matter from

a case of subacute sclerotizing leucceneephalitis obtained as a dried sample from

G. W. F. Edgar. The brains were removed immediately upon sacrificing the anivals

and in general were not perfused. A comparison of perfused and Don-perfused

rat brains showed no significant difference (Table 1). The Isolated brains were
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then freeze-dried, beld in vaeuo over P205 for 48 hours, and weighed again to

determine -the water- content.

The phyla with diffuse nervous systems that were analyzed includel.the

Mollusca: land snails, clams, chitons (Crmtochiton stellerL); schiuiwo'eataf

sea urcbins (Strongylocenlrotus Purpuretus); and Coelenterata: sea anenomes

(Antbopleura Xanthogrammica). Only the soft tissues of these animals were used

except with the sea urchins where only the Aristotle's lantern was used. A

whole mouse was analyzed in the same manner as representative of animals with a

central nervous syetem; the tissues were homogenized and then dried as with the

brain tissue.

The dried tissues were divided into two fractions according to the method

of Svennerholm (2): a lipid soluble-water soluble fraction whihh includes the

ganglioside fraction, 3, and a lipid-free residue R. The lipid soluble-water

insoluble fraction was discarded. The fractions were obtained by extracting the

tissue under reflux for 2 hours with 10 ml. of methanol;chloroform (2:1).

The lipid-free residue was then dried in vacuo over P2 05 (after removal of the

residual organic solvent , weighed, and the lipid calculated by difference.

Some sialic acid analyses were carried out by hydrolyzing the lipid extract

directly after removal of the organic solvents (discussed under correction factors).

In the final method adopted, 10 ml. of chloroform and 5 ml. of 0.1 percent NaCl

were added to the original 10 ml. of lipid extract. The two phases were then

mixed thoroughly and separated by centrifugation. After removal of the aqueous

layer the residual organic layer was washed twice with 5 ml. portions of

chloroform;uethanol;0.l% NaCl (3:48:47). The three vashes were then combined and

evaporated to dryness.

The G fraction was dissolved in 0.1 N sulfuric acid and hydrolyzed for

3 hours at 800 C it a tube heater. Fig. 1, curve A, shows the hydrolysis time

curve for rat brain G fraction indicating the three hour maximum. Three hours
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was also found to be necessary for porcine and bovine brain, ±rd the remaining

samples were arbitrarily hydrolyzed for the same time period.

Up to 120 mg. of lipid-free residue were suspended in 3 ml. of 0.1 N 2S04

(0.15 N for sea urchins and chitons because of the buffering of salts present)

and hydrolyzed for 2 hours at 800 C. Fig. 1, cur-ve B, shois the hydrolysis

time curve for the R fraction from rat brain. These same conditions vere found

to be necessary for bovine, porcine, and human brain.

The sialic acid in the hydrolysate was determined by the 2-thio-barbituric

acid method of Warren (3). The cyclohexanone layer was read in a Bausch and

Loab spectrophotometer at 550 mij and 530 0ub ani the curve of Jacoby and Warren

( ) was used to correct the results for interfering compounds which form a

cbromogen with an absorption weximum at 530 mq.

If rat brain lipid fraction is hydrolyzed directly and then analyzed for

NAfA, curve A of Fig. 2 is obtained. There in as high as 40 percent interference

by the 530 miA chrouogen; if the figures are corrected for this Interference

curve C of Fig. 2 is obtained.

On the other band, fraction G showed only 0 to 8 percent interference

(cturve B of Fig. 2) for the same pool of brains. Therefore, because of the

large correction necesseay for brain lipid extract, the G fraction was used

for all the data presented here. In the 0 fraction of the crab brain in

contrast to all the other brain samplea, the interference vas 52 percent.

(There in some question regarding the accuracy of dissection of the crab

brains and possibly other tissue was included.)

The corrections for the R brain fractions ranged from 9 percent to 18

percent except for crab where the correction was 90 percent.

In the whole tissues the corrections were higbher. In the G fraction

the interference ranged from 31 percent in snails to 79 percent in chitons.

The interference ranged ? rom 100 percent in stea anenomes to 36 percent for



whole mous..

Sitce -the main inter~est was to det~ermine whetber UMIA wav present, it

was. hoped that papor cbroratograoby would indicate the preeenc*t of sialic

acids qualitatively and no further work was done to remove the interfering

cbroimogens during the analytical proce.Juxe.

NANA .as used as a etandard. It was prepared according to the .procedure

of Martennwoii et al (5) exce7pt tbst thie starting material vas 2raction rj 1

from huran blood serum which contained 1.3 percent W.A!A. The procedure bus

betn outlined in (1). The crude NMN was crystallized from glacial acetic

acid W6 or -froma methanol (5).

N-giycolylneuraninic aci4 (N2MA) waa prepared from porcine submaxillary

mucir according to the same procedure.

The resul1ts of' the sialic acid analyses on emimi brain@ are given in Table

1 for both the 93 and R fract~ons along with water and lipid content. Thbe

whole tissue aiualyses are in Table 2. The result. are calculated in three

ways: mag. percent of' the total lipids or lipid-f~ree residue, mg. percent

or the tital dry brairn, .and mg. percent of the total fresh brain. Where

applicable, st&aidarl deviation~s wre gilren calculated *.iccording to tDein and

Dixon's statistical short-cuts i'v obsa2rvations or amrali numbera of samples ()

After the brain and tissue saailes were unalyzed,, like specimens were pooled

and the sulfuric acid remved by barium hydroxide. The sumles were then

placed on ion exchi-g.g- resins just tie for the standard WMI pirpparwtion.

These pooled se;mples were used for the paper chrotography.

Deueending paper cbromatography was carrltd out on Whatuan No. I filter

paper in solvent system 1,0) ethariol:HeO:Nff3(8:2:l). The samples were

run individually at 3 level of 75 to 125 miicrograms to determine whbether one or

more of' the sialic acids were preseflt. The samples were thben run at a level

of' 25 microgrums mixed vitb an equal amnount of NAMA or NGUIA as a irurtber check



~nt1i _t IAerA1- I y ot''k ;h c I Li.-', A sec _sL i col ;e,.t vst-:rv ( WIN) , n-..b U 4xLO) r'r-'T&uo I

A. Ii ICl'1:2:1) -as Avo vPy~i~h, re there vas suf'~cient uiount ol.' sar~le.

Ai~ev 1Jryirg, -e~ht iapera wer'e sprayed with thlobarbituric aici2 ufter the m# tholi

of Wtirren (8). The chrolmatograno were obeerved unler ultraviolet arid visible

light~ unleso eLa~c-d o-,:_erviise, thin aapleu -be oaf:e coAcz, as

ThL' resmilts of thi EM.- chrorntorplky tre presented scheratically ir

Vt%!A 3ig 4 (rcc)~ R frctCion). Tbe spots .Lor KASA ze.,i o biow

the rang, n? Rf value-a obtw. ;ined In sevet experimen~a (1F.XA Uverage .0.33,

RESULTS

Han: !.'Or tbe G £Craction the results were r18 mug. % NANA for dried

b-cain f~romn * 50-50 mixture of cerebral cortex and white mratter. Results

correspou(Uuiu to thbe "4 fraction bave been reparted by otber workers for

tbese tisa'ats ec,,iately (9, 10, 11, 12). If these results are calculated

in the caice ai 0 ours tbey rarge arovri ca or varnple (If-3 11). % to 302 mg.

i'~!~faci 2 ui~ rQ. o~aed~Ymg. ia IWD. in tlte lipid-

fv'e* 'e ,e S v-o'erholn (13?' ho -re% rted, thct in thais fraction be

Obtained CiQ0 vS. 1% fromn the ccrtex and ab~out ba3lf tbis vY.lue from the white

matter. 01_u results On the basis of :50-50 white ma and cortex would be

higbeit tb-in Svefln-vD1lma. OiAr resultv agree- with Svennerbalmi in the ±'inding

that the R fraction hia1 a higher N~AIL content tban the 0 frva:tion. The

actual ratio A'f F, N'AA/ G PAPA vuas 1.1 for dry brain.

Since the literature reports tbat rAA is the fora of~ sialic acid

in hum~an brai~n 013, 2.1) for botb G and R fractions, the human satple vus

W~t cbrowatographed.
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Beef: The bovine G fraction contained 207 mg. % lAN in dry brain. The

total brain NAVA was 355 mg. % which is lower than the 465 mg. $ reported by

Svennerholm for calf brain (15).

Chromtograpby -shoved only NANA in the G Fraction. Whether the sialic acid

was also in the form of 0-acetyl was not determined since this form would be

destroyed in the use of the ion exchange columad.

The R fraction contained 148 mg. % IAM in dry brain. In contrast to the

human results the ratio of R NANA G KAM was 0.7.

In FM only NANA was evident at the 125 microgram level, but in solvent

PR a spot at the level of HGNA was discernable. The spray technique is

supposed to detect 5 micrograms of RM (8). The questionable presence

of NC-HA in bovine brain is in contrast to the high percentage,, 64 5, in @or=

and kidney of ox (14).

Pork: The G fraction contained 195 mg. 5 Ml14 in dried brain with a total

of 332 mg. % NANA, as compared to a total of 446 mS. % obtained by Svenverbols

(15). In solvent EN only NAN was present at the level of 100 mlcrogrms, but

in solvent IM there may have been a spot at the level of N(EA. Considerable

tailing in this solvent made it difficult to determine individual spots.

The R fraction contained 137 mg. % NANA for dry brain, with the ratio

of R/ G HNAM 0.7 as for bovine brain. The chromatography results were

similar to those of bovine brain except that there appeared to be more material

at the level of NNA in solvent BPH. These results are similar to those for

hog serum (15% NGNA), kidney (14% NClA) and gastric nucosa (20% NMA) (14).

Rat: The WA content of the G fraction was 256 mg. % for dry brain

(30% higher than the results of Loog and Staples (16) who reported on lipid

NA from cerebral cortex and white matter.

Ohromotography of 75 micrograms iu solvent MgN showed the presence of NANA,

material in the Rf range from 0.2 to 0.3 and a spot at 0.55. In solvent BPI



tb! wila_3 as cc intense with 100 mfcj.ogr'5ms that only 1NAHA could be distingui!htd

with certainty.

The R fraction contained 201 mg. % NAKA in dried brain with a ratio of

P/G of 0.8 which was similar to the bovliue and porcine results.

Cbromatorapby of 7'5 micrograms of R sialic acid Im solvent EH showed

NA, a small spot at 0.33, and also at 0.55

Mouse: The G fraction conzained 312 mg. % NANA in t.ry brain, the highest

value among the animals analyzed. The R fraction containei 218 mg. % HARA in

dry brain with an R/G ratio of 0.7 (the same as the other macals, except the

human). Iu solvent EHN at 125 micrograms only NAKA was discernable in both

fractions. In solvent PPH at 23 micrograms, this was also true.

Turtles: The turtle results were 124& mg. % and 189 mg. % NANA in dry

brain for t; and R respectively, with a ratio of R/G of 1.5 similar to the

h=an results.

The chromatograpby results were ntt clear-cut and because of the lack

of material could not be repeated. This ia true for both G and R and the results

were obtained in solvent MW only. 1rien 200 micrograms of sialic acid were

chromatographed alone, a single spot was obtained with an Rf of 0.33. When

the chromatography was repeated with the addi-cion of NONA two spots were evident,

one with the rf of 0.44 indicatiug RIAM . The question as to whether NONA is also

present above that uhich vsa added is unaasvered. A porcine sample that wa

analyzed at the same time as the 100 microgram turtle sample also had an Rf

similar to NGNA3 but on repeating the porcine sample several times, the Rf

was 0.44 indicating KA. The turtle spot was also elongated so that it is possible

that two components were present; however fish sialic acid run at the same time

also ap eared elongated and was later determined to be only lU .

Snakes: The results for gopher soakes were very similar to those for

turtles both analytically and chromatographically. The I fraction cont.alned

161 mg. % and the R fraction 163 mig. % NA in dry brain w:.h an R/G ratio of 1.



F?-t1 . ra:tie cortai.ned NANA, but may ado c ntain NbN.k-

Frog: Dvy frog br:, coAati.d 135 me. % G NARA and 285 m g iAnA-

The G fracciov was cbr3matographed at a level of 115 micrograms wbile tbe R

fractii'n was chrom ,ographed at 70 micr'graws. Nr &ot was visible at 0.33

R.. In a mixed sample wth NGNA only one spot was also visible, but there may

not have been enough frog elalic acid in the mixture to be visible.

One pool of frog brains was quite different from the others. There was

a great deal of interferitg materia! (50%) in the thlobarbiturlc acid es

which waa visible to the oaked eye.

Pish: AUtheugh i1 was thought that the sialic acid values in rainbow trout

would be the lowept dw. ng the chordates this was not the case (C = 165-Mg. %S

R : m51 mg. % AkA in dry brain). The ratio of Rirr was 1.3 as for human brain.

in solvent EN at 1e- microgrdm, NANA was the only component, and In solvent

PBH at 2 ml.crograms, plus and minus NUMA and NANA, the results were consistent

with MA NA being tae only type of sialic acid present.

arab: BecAuse 3f the previously zaentloted difficulties in diasection, the

results on crab way be in error (0 showed 7 mg. and R 14 mg. % NANA In dry brain).

Cbroiatograply of i! ; ruicrogr"L o ! and 16 micrograms of R in solvent EM showed

ne SPot w.t an Rf of 0.33. In addition there was also a spot in R with an

Rf of 0.2.

Table 2 gives the sialtc acid content oI G a d R fractions of whbole tissues

of ar..ziamls with d".ffuse nervts systems. Whole mouse tissue was also analyzed

for a coupp-rison. The chromatography results are in Fig. 3 and 4. 'he cbromato-

grams anO the aualytical procedure showed much more interfering material even in

the G' fraction. Although the water extraction excluded a tremendous smuouat

of lipid material that was very colored, there were compounds soluble in the

aque.us solutiou that we did not flnd in the brains of chordates. All of the

interference wes rot rem,red by resin chromatography; 2-keto-3-deoxygluconic acid
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i : -:e ',c4iouud which wc.vdald remain , the 3owex 2 givl-ng the same colored

product as the sialic acids.

Mouse: The concentration of sialic acid in the G and R fraction

amounted to 23 mg. 0 and 79 rag. respectively in whole dry tissue which

is much lower than the brain content of aialic acid. Long and Staples (16)

studying rats, reported that sialic acids it the O fraction were found in the

braiu, but not i2 liver, heart, cr swall intestine, and very little in lung,

skeletal muscle, kidn y, uterus, and adipose tissue. From our results on

sialic acid iu the C fraction of blood ard brain we found that almost 80%

of the sialic acid was still unaccounted for.

ChromatograpLy in MN showed roughly equal amounts of NANA and MNk in

both fractions. There were also small amounts of material with Rfs of 0.2

and 0.56. Warren ( 17) has reported the presence of WNA ir. rat vagina.

SnaiL: by aalysis, snails showed 6 mg. % G NAI and 79 mg. %

R MANA in dry tissue. On chromatography of 37 micrograms of 3 no NANA

was 0ound. Considerable material remained at the origin. There was a

sma l amount of material with Rf about 0.3 which shoved tailing from the

origii.

The R fraction (125 micrograms) shoved very intense spots at NAM and

NGNA in solvent EN. The spot at NANA was greevish-blue, however. When this

sample ias run in FRH for 57 bours instead of 24 hours the two spots were

separatei Ito two spots at the position of lANA and IGNAgand the blue spot

was ahead of 1NAM. Because the solvent front had moved off the paper, the

Rf* could not be calculated. Under ultraviolet light the iAJA and MNA spots

were identical in color to the knov selesof ANA. The two spots were not

isolated and rechromatographed to determiue definitely whether they were M

and NRINA. The greenish..blue spot was lavender under ultraviolet light. Shikimic

acid and quinic acid (18) have -hese color characteristics, but we did not determine
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whe,:her the anknown ".as either o' these acids.

Sea ux-T.i: The results on t.e Aristrtle's ].anterns of sea urhins

were 5 mg. % for q, NAA and 20 mg. % for R RANA in d-y tissue. The concen-

tration cf G i the lipid fra AtiO waii higher than that obtained in Mice,

but the amount of lipid was nich smaller, raking the dry weight results Wleb

lower than for mice. Joth C and ' showed the same chroratography pattern. There

were two spots, a' , 0.4, and 0.- 4, with somewhat mare ?GINA than N ,

Sea anebove: There was t* sialic a, id in the H fracWi on in sea aaenomes

siuce " he correction factor was 100 per -ent. There were 4 mg, % in the dry

tisaue, howe, er.

,abratography of 77 mi:rograms of R lu solvent EuI showed a spot at

Rf 0.3*. Most of the material present, however, bad Rfs less than NGNA.

There were at least tbree of these spots. Xn fraction G at 77 micrograms

there was umterial from Rf 1.6 %o 5.9 with perhaps six spots, including

one at 0.33 and 0.44. The separaticu was poor, but a discrete spot was

present at 0.65. rifty micrograms of G in solvent M also showed discrete

spots at both 0.3 aud 0.44. There was a great deal 3. brown insoluble

mat. erial at the ;rigin as in the Ce fraction from sDails.

7hlton- 'C hitous contaiuei fzrtnr 6 to 8 mg. $ NANA in dry tissue;

iu fraction R, 77 sicrogravas, th.'lre was n RANA apparent. Instead there

wav tailing from the origin down to about an Rf of 0.35. The results

were very similar to those of sea aneuomes. The 0 fraction also shoved

te li.1 from the origin with perhaps six components including spots at

0.33 aad 0.4'. There was also a spot at 0.55 as for sea anenomes, but

nothiug at 0.65.

Clam: Clams contained 3 mg. % and 32 mg. % KANA in dry tissue for G

and R fractions respectivily. Chromatography of 125 micrograms of G showed

a bright piuk origin Lnder ultraviolet light, asd brovaish color under



vivibl& light. Tbtre tws material from Rf of 0,07 to 0.48 iacluding apots

ai. 0.33 and 0.44. With 90 microgram of R t.he results wr4 similar to G.

DISCUSSION

Ever,i anitmal rteqtod appareni ly had sialic ucid L& the G £raction. I* the

brin r.tssue,here t 1e identity was deCinitely establtshed, the type ot sialic

2cio va vANA. The sitalic acid in both R =ud G fractio4s um stmilr for brain,

Thor* ust no conslstent relatioship between V.IA concentration4 ;i"d pbylogenctie

level of the nervo ie system If the gcnglioside stallc acid wre the ae

couatant for choxdate brains thAn one would expect a derease In the mg. Z

s:lali- acid in lipid 4lonug the pbylogeneti scale iram human Co fish as zhe

smotut of cortex decreases witb concomettent increase in white matter, Whit*

matter coatsias more lJpid ( 19) and less stalic acid (9, 10). This should

also be true on a dry wight Ungit a the sime of the cerbrm decreases
4 itb respect to the cerebellum. The letter bas been reported as having a

MW concentration siniiiar to cerebral white matter ( 16). That NANA does

not decrease in shown in the bar-graph of Flg .5. The vales fo chordate

brains cover a two-fold range, from 300 to 600 mg. Z. These differencen

may be due to different mounts of di- and won. stalogsgliosidds ubich

have recently been isolated (20). The lipid-free residue values are from

330 to 560 mg. %

Ther* in also no systematic relationship betuean the ratio of R/G NA

an a dry wilgt basis in cbordates. Hamm beings turtles, naskeso frog.

and fish hai. ratios above oue, while the reminder ore below one. As

m. % of the respective brain fractions, only rats, mice, and chickens have

s I/C ratio below one. It appears that if the NAM c-soentratiot o of G

I fro 500 to 600 aq. %. thes the C valuou are higher then for the R fraction.

The reverse appears to be tr if the concentration of the G fraction is

300 mg. %. Whether these figures have any siguiticamce is not known.

In the bole animal tissues the conceotratios of simile acid im

less in the Lower form of aimals -hen copared to nice eimpt for the

sea urchin (See fig. 5). RAM appeared to be absent is snail and crab

but HMA wa present in these mad the other vibole tissues tested. There

ware also other acidic coqpomdu blcb ware utdetitid. Im whola nouse.

sea urchi s and elm, the sialic acids of th*i A ad 0 fraction were saMilar.



'Ti chitoms, sea Snesom sad suatis they were not. Cltoos Mnd sea eanenom

resembled each otber. The Q fraction contained both AMA and MGA, but In

Obe R fraction osly EWA we presnt. Snails differed from aL1 other sample

in haviug a greenisb-blue spot vhtoh uu ahead of MAMA an paper.
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Fg. 1. Ilydrolysis of Bouni 1-aCLtyln::armi--.c acid in Rat Brain Vs. Time

A. Time curve for Ksi8'ide L'UA ai wig. % o ttal brain lipida (80? C, O.i N H604)

B. Time curve for Reoidue ILXA aj rg. % of total braiv iipid-tree residue (80° C,
0.. N 2 SV4 for 75 min. and ? hrs.; 900 for 65 min., 2,3, U, and 5 hro.)

(All values corrected for interference)
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Fig. 2

Fig. 2. Coarison of boW -a scetylmraaio acid (NAM) from rat
brats ogltde md total JUptd v. time (0.1 X ftD)4, 80 C)1

A. LIVdwo1yms tin curve for total lipid 3 %mGcmsrstod)

. *dvelysis tim curve for gam11sLd e 3* (norretsd)

C. Sn as cur A after corretion for iaterferring absoptiou vith minim
at 530 a%
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Table I

The sialic acid coutent of brain eactios of aw1nel

(calculated as ,-ace.Iylneursm/uic acid)

MZ. Gm lloeide g. Ltpid-tr, res=
20 1 Lpids KANA KA

No. total total ttal total total total total total total
anmal samples, brain solids brain lipide solids braim, residue solid. braim

1 76* 57 14 311 178 43 $27 225 54

Beaf 1 80 61 12 342 207 42 375 148 30

Pork 1 83 62 10 315 195 32 360 137 23

st 7 7?9 51: IU-: 516; 256* 31 405* 201l 46*
0.d.+ 1 3 1 74 45 12 110 50 10

Rat 5 St 52* Ilt 513t 265. 541 450t 218* 4S
(pertfusd) s.d. 1 2 1 31 28 4 44 32 8

mu*2 79t 53t. It* 6126 312r 64t 458 t 225t 46 t
8.d. 2 12 1 17 10 2 3 16 6

Chebm 3 a0 S* lot 570t 2961 59t 415T 205* 42 Z
4.d. 1 5 1 8 15 5 8 15 1

Turtle 3 $21 44t, St 292 t 124* 22* 335'* 18k 33 ±
ad. 1 2 1 48 23 5 81 47 7

make 3 Otk 541 10 301t 161t 32,t 347* 163 * 321
s.d. 1 2 1 31 1 4 132 67 13

14es 6 85* 45t 7* 295:k 135 t 22t 520 * 28S5 44
s.d. 2 2 1 LOS 53 10 113 65 11

Flab 4?" 60* M6t l1t 324 * 1851 $?-A 563 * 251t 3t
s.d. 1 1 1 21 1 3 16 306

Crab 1 83 36 6 20 7 1 21 14 2

* value tabse frm refereae 21

+ stmeiard devlettom calculated a w• , %here v - rame and Kr Is a coma tant fro*

Table I of Dom ad Dison (8)

. 3 swp]es lestoed of 4 for the Sam.lloode slaic said.



Table 2

%t sislic scid conteut of "hole tissues of varioim animals

(Calculated as U-aeetylmurmitle Sid - XMAM)

V .. ..... Ufa-Lse 't.I Lipid-fr.o reidue
%20 % Lipid RANA

No. toI total total total total tot*& total total tital
animl ample. brain ao ids brain lipids solids brain resldom solids brain

Muse 1 73 33 9 66 23 6 120 79 22

Snell 2 S3:t 16. 3;t 36:t 6t14 $3.* 7T -
xod.* 1 2 4 6 2 27 21

Sea him 4 50 5 3 so 5 2 21 20 1
(Aristotle'. ± 8
lantern) s.d. 5 8 1 3

Clam 2 794 19 4 174 3 >1 40:t 32t±
s~d.l 17 114 11

Chta 1 93 20 2 31 6 7rl 10 6 1

Sad 3 sof 2 St 6± 16.r~ 4:t 1 0
amea a 0.d. 10 2 9 2

* Stad-d deviatiom calmulated as for Table I

V VAe Q 0.d. is elves It indicatoe tot te valu m less tAum 0.

+ Cal&clated from 3 valma for Smlioside XAM Lostod of 4.
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V i. 5
Romety1nni~ acid In the Blrains out) Ticauem of Various An~.mala

0 100 200 300 400 500 600 (VS. % of brtn lipid)
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